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(57) A telescopic strut (1 0) for a vehicle suspension 
of the airspring type with a flexible sleeve (20) forming 
a chamber portion (A-B,A'-B') and a rolling lobe portion 
(B-C.B'-C). The chamber portion is attached to a tilled 
closure (14) and the rolling lobe portion of the airsleeve 
is attached to a piston (18) that is transversely moved 
which introduces a shear force (FT) into the airsleeve 
and increases a surface area on an upward tilted side 
of the sleeve so as to provide side load compensation 
and where the axial length of the rolling lobe is substan- 
tially equalized to enhanced flexural life. 

A method of imparting a side load force with an air- 
spring fastened between a fixed member (12) and re- 
ciprocating member (16) of a vehicle suspension, is pro- 
vided by tilting a closure member (14) of the airspring, 
transversely moving a piston (18) connected to a rolling 
lobe portion of the airspring while distorting a chamber 
portion of the airspring, and eccentrically offsetting the 
piston in a manner that tends to equalize an axial length 
of a rolling lobe. 
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Description 

The invention generally relates to strut type suspen- 
sion members for vehicles, but more particularly, the in- 
vention relates to a strut with an airspring having a 
sleeve with a flexible wall including a rolling lobe be- 
tween telescoping members, but more particularly, the 
invention relates to a strut with an airspring arranged to 
provide side load compensation while simultaneously 
providing a sleeve arrangement that gives a rolling lobe 
an acceptable flexural life, and a method for imparting 
a side load force to a vehicle suspension. 
r: . \ A Strut of a vehicle suspension is typically oriented 
at an angle in relation to a reciprocal movement of a sus- 
pension for a wheel. The angular arrangement of the 
strut introduces a bending moment or torque into the tel- 
escoping members of the strut. Should such a moment 
be not countered or compensated with an opposite mo- 
ment, it causes telescoping members of the strut to bind 
and results in vehicle ride harshness and reduced life of 
the strut. An opposite bending moment introduced into 
a strut is generally referred to in the industry as "side 
load compensation". 

Airspring configurations have been disclosed with 
geometries that provide a compensating moment or 
side load compensation in a telescoping strut to oppose 
the moment placed on the strut by a vehicle suspension 
system. Examples of such airspring configurations for 
telescoping struts are disclosed in US Patent No. 
4,688,774 to Warmuth, and divisional patent thereof. 
No. 4,911,416. The claimed feature of Warmuth '416 
pertains to a tubular flexible member (airspring sleeve) 
with an end cut in a non-perpendicular plane and which 
end forms a rolling lobe of the airspring. In FIGS. 1 and 
2 of Warmuth and herein exemplified by FIG. 2 the so 
formed rolling lobe Y-Z. Y'-2* is of unequal length W-2, 
W-Z* when pressed against a rolling lobe surface of a 
piston of the airspring. The unequal axial length lobe re- 
sults in a differential area where the force on one side 
of the piston (i.e. the inboard side of the strut) is greater 
than the force on the opposite side of the piston (i.e. the 
outboard side of the strut) causing some degree of side 
load compensation that counters a moment introduced 
' into the strut by the suspension System. The asymmetry 
of unequal axial lobe length introduces a problem which 
is a substantially shortened flexural cycle life of the lobe 
(e.g. less than 100.000 cycles). 

Another problem that an airspring sleeve with a 
non-perpendicular cut end introduces is that it defines 
a chamber where the surface area on the outboard side 
may be less than an inboard side because the sleeve 
length X'-W on the outboard side is less than the sleeve 
length X-Won the inboard side as shown in FIG. 2. The 
unequal sleeve lengths X'-W, X-W results in a differen- 
tial surface area in the chamber portion that causes a 
negative side load force which is counteractive to the 
side load force desired from the unequal axial length roll- 
ing lobe. In FIG. 3 the length of the sleeve forming the 



rolling lobe portion Y-Z, Y'-Z' is less than the sleeve 
length that forms the chamber portion X-Y, X'-Y'. How- 
ever, in FIGS. 5-7 of Warmuth '416 (and herein exem- 
plified by FIG. 3), the chamber portion is substantially 
s formed along length R-S. R'-S' by a metal can. That part 
of the sleeve length which forms the rolling lobe portion 
S-T, S'-T' is substantially greater than that part of the 
sleeve which connects to the can. Consequently, there 
is very little sleeve length S-U available to form part of 
TO the chamber portion. 

In Warmuth '774, FIGS. 5-7. an airspring with a pis- 
ton eccentrically located in relation to a center line for a 
strut is disclosed in conjunction with a rolling lobe of un- 
equal axial length. While the unequal length rolling lobe 
15 provides some side load compensation, the unequal 
length lobe is detrimental to lobe lite as, above dis- 
cussed. In Warmuth FIG. 6, the lobe on the outboard 
side of the strut is greater in length than that of the lobe 
on the inboard side which, under Warmuth FIG. 3, im- 
20 parts negative side load compensation (i.e. in the wrong 
direction). Also, in FIG. 6, the closure member attaching 
an end of the sleeve to the can is tilted clockwise while 
an axis of the sleeve faces toward the inboard side; a 
free length of the sleeve to where it bends at the rolling 
25 lobe has substantially the same projected length on both 
sides of the piston. Consequently, a difference in the 
free length of the sleeve per se on the inboard and out- 
board side is not available to define a differential area 
that may contribute to a side load compensation. 
30 In FIG. 7 of Warmuth '774 (herein exemplified by 
FIG. 3). an airspring with rolling lobes of unequal axial 
lengths is shown. The rolling lobe length T-U against the 
piston on the inboard side is longer than the length T'- 
U'of the rolling lobe against the piston on the outboard 
35 side which, according to the teaching of Warmuth, pro- 
vides side load compensation with a clockwise moment. 
One end of the sleeve is attached to a can that primarily 
forms a chamber of the airspring and where the closure 
member attaching and end of the sleeve to the can ring 
40 is tilted counterclockwise. The free length S-U of the 
sleeve to the formation of the rolling lobe on the inboard 
side is substantially longer than the free length S'-U' of 
the sleeve of the rolling lobe on the outboard side of the 
sleeve. The difference in length creates a surface area 
45 that is larger on the inboard side which also has a com- 
pensating moment which in this case is counterclock- 
wise. Warmuth 774, does not consider any impact that 
the differential surface area has on side load compen- 
sation. The effect of differential surface area rr^ay com- 
50 pletely offset or negate that side load compensation re- 
alized by the effect of a rolling lobe having unequal axial 
lengths. 

Another airspring type strut with side load compen- 
sation is disclosed in US Patent No. 4,712,776 to Geno. 
55 As shown in FIG. 2 of Geno. an airspring has lobes of 
unequal axial lengths. The unequal length lobes have a 
detrimental impact on flexural life as above discussed 
in reference to Warmuth. In Geno, side load compensa- 
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tlon is generated by means of a rigid nnember located 
inboard and attached to a can or canister portion that 
forms part of the airsprlng. The member restricts an out- 
ward expansion of the flexible sleeve on the inboard 
side. The sleeve exerts a pressure on the member which 
results in force on the strut to counteract lateral forces 
acting on the strut so as to provide a side load compen- 
sating moment. The sleeve and piston are arranged co- 
axialiy with the center line of the strut, and the canister 
forms a part of the operating volume for the airspring 
member. 

US Patent No. 4,763,883 to Crabtree discloses an- 
other example of a strut at FIG, 1 3 where an airsleeye. 
is oriented coaxial with the longitudinal axis of a strut. 
The airsleeve forms a chamber having a substantially 
larger diameter than that of the roiling lobe portion of the 
sleeve. However, Crabtree does not disclose a strut 
having a means for providing side load compensation. 

Summary of the Invention 

In accordance with the invention, a side load com- 
pensating airspring strut is provided. 

The strut has a flexible airspring sleeve with a 
chamber portion connected at a closure member that is 
tilted at an angle in relation to a longitudinal axis of the 
Strut. A rolling lobe portion of the airsleeve is attached 
to a piston that is transversely moved toward the axis of 
the strut, which introduces a sheer force into the cham- 
ber portion of the sleeve and increases the surface area 
on one side of the sleeve while decreasing a surface 
area on a diametrically opposed side of the sleeve. The 
tilted closure member, change in sleeve surface area 
and shear force result in a side load compensation that 
is imparted to the strut. The airspring has a piston with 
a rolling lobe surface that Is eccentrically offset in an 
amount that tends to equalize an axial length of the roll- 
ing lobe for durability. 

A method of imparting a side load force with an air- 
spring fastened between a fixed member and recipro- 
cating member of a vehicle suspension, is provided by 
tilling a closure member of the airspring, transversely 
moving a piston connected to a rolling lobe portion of 
the airspring while distorting a chamber portion of the 
airspring, and eccentrically offsetting the piston in a 
manner that tends to equalize an axial length of a rolling 
lobe. 

An object of the invention is to provide an airspring 
strut having side load compensation but where the flex- 
urat life of a rolling lobe is not substantially comprised 
by an unequal axial length of the rolling lobe against a 
piston. 

This and other objects or advantages of the inven- 
tion will be apparent after reviewing the drawings and 
description thereof wherein: 

Figure 1 is a partially cut-away axial cross-section 
of a prior art airpsring strut; and 
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Figure 2 is a partially cut-away axial cross-section 
of a prior art airspring strut; and 
Figure 3 is a partially cut-away axial cross-section 
of a prior art airspring strut. 

5 

Description of Preferred Embodiment 

Referring to FIG. 1, a telescopic suspensbn strut 
10 of the airspring type is provided for use with a vehicle 
10 suspension system not shown. This strut is of the type 
with a fixed member 12, a closure member 14 attached 
to the fixed member, a reciprocating member 16 that in- 
: , eludes a hydraulic damping system (not shown), a pis- 
ton 1 8 attached to the reciprocal member, and a flexible 

15 sleeve 20 connected between the closure member 14 
and piston 18. The fixed member 12 is attached to the 

H closure member 14 which may be in the form of a can- 
ister having any desired shape, such as a "tube-pan" 
shape as shown with a cylindrical surface 22 for attach- 

20 ment to the flexible sleeve 20. The closure member 14 
attaches to the fixed member of the strut by way of a 
fastener 24, a washer 26, and a gromrnet 28. Optionally, 
the closure member may incorporate a bearing assem- 
bly (not shown) which permits the strut to be rotated 

25 about its longitudinal axis 32 for steering a vehicle. The 
closure member may be attached to a vehicle by means 
of threaded fasteners 34. 

The reciprocating member has an end 36 that at- 
taches at an outboard side 38 to a reciprocating part of 

30 a vehicle suspension system (not shown). The flexible 
sleeve is of the elastomeric type that is reinforced with 
embedded textile cords. The flexible member may have 
any desired construction but preferably, has a construc- 
tion of the type as disclosed in US Patent No. 4.763.883 

35 to Crabtree where the cords are disposed at opposite 
helical angles, and more preferably, where the airsleeve 
is contoured as taught by Crabtree. 

The flexible sleeve 20 has a chamber portion A-B, 
A'-B' with an end 40 connected at the cylindrical surface 

40 22 of the closure member 14 by means of a ring 42 that 
may be crimped or swaged so as to clamp end 40 to the 
closure member. 

The flexible sleeve 20 has a rolling lobe portion B- 
C, B'-C that is connected at an end 44 to the piston 18 

45 by means of a ring 46 which may be crimped or swaged 
so as to clamp the end 44 to the piston. Preferably, the 
ring 46 has an axis that is concentric with the longitudinal 
axis 32 of the strut which helps to equalize an axial 
length of the rolling lobe as hereinafter set forth. 

50 Closure member 14 is tilted at an angle 48 in rela- 
tion to the longitudinal axis 32 of the strut whereby an 
axis 50 for the cylindrical surface 22 and connected end 
40 of the sleeve is directed toward an outboard side of 
the strut. 

55 Left unconstrained, the rolling lobe B-C, B'-C, 
would take a free position such as along dotted line 30 
toward the outboard side of the strut. The piston Is trans- 
versely moved and rotated about a transverse axis P 
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from such a free position and in a direction T The move- 
ment is resisted by the flexible member which introduc- 
es a shear force into the flexible sleeve that is reacted 
as a force FT against a rolling lobe surface 52 of the 
piston. 5 

The tilted closure member in conjunction with the 
transversely moved piston distorts the chamber portion 
A-B by increasing its surface area 54 on an upward tilted 
side of the chamber portion, and distorting a diametri- 
cally opposed downward tilted side of the chamber per- io 
tion A*-B* by decreasing its surface area 56 which results 
in a differential surface area that is larger on the out- 
bbard side of the flexible sleeve. It is theorized that the 
larger surface area under pressure causes a few cords 
of the imbedded reinforcement to have a slightly higher is 
tension so as to pull along their length as shown by 
phantorp line 58 so as to effectively pull against the pis- 
ton generating some force FP. 

Preferably, ends 40 and 44 of the flexible member 
are cut in a plane substantially perpendicular to the Ion- 20 
gitudinal axis of the sleeve. With such a cut and a sym- 
metrical, co-axial rolling lobe surface, the rolling lobes 
would have unequal axial lengths. It has been deter- 
mined that while unequal axial length lobes would pro- 
vide some side load compensation, the unequal lengths 2S 
are detrimental to the flexural life of the lobe. Preferably, 
the piston has a rolling lobe surface 52 eccentrically off- 
set in a direction generally facing the side of the flexible 
sleeve with the increased surface area (i.e. outboard 
side) where the rolling tobe surface is offset by moving 30 
a longitudinal axis 60 of the piston an amount 62 so as 
to substantially equalize the axial lengths C-D, C'-D' of 
the rolling lobe. The ring 44 when concentric with the 
longitudinal axis 32 of the strut, helps in equalizing the 
axial length of the rolling lobe. 35 

The number of degrees that the closure member is 
tilted has an impact on side load compensation. The 
greater the angle, the greater the side load compensa- 
tion. It is preferred that the closure member be tilted at 
an angle from about 3 to about 20 degrees. The tilt in 40 
angle in combination with the translatbn of the piston 
member causes the flexible sleeve to distort. By empir- 
ical testing, it has been determined that the change in 
' surface area ranges from about 1 to 15 percent as the 
closure member Is tilted from about 3 to 20 degrees. 4S 

Generally, square cut cylindrical sleeves of the type 
exemplified by FIGS. 2 and 3 will not permit a tilting of 
the closure member beyond about 7 degrees. For this 
reason, flexible sleeves of the Crabtree type (US Patent 
No. 4,763,883) are preferred where the chamber portion so 
may have an inside diameter that is at least from about 
1 .1 to about 1.5 times the maximum inside diameter of 
the rolling lobe portion. The increased diameter of the 
chamber portion permits the closure member to be tilted 
up to 20 degrees without the piston contacting the flex- ss 
ibiG member as the piston reciprocates into the cham- 
ber 

To illustrate the features of the invention, an air- 



spring strut was constructed with a airsleeve having a 
chamber portion length of 85mm. a chamber portion di- 
ameter of 200mm. and a rolling lobe surface diameter 
of 150mm. The closure member was tilted at 7.0 de- 
grees which resulted in a differential surface area be- 
tween the outboard and Inboard side of the sleeve of 
approximately 1 0 percent. The rolling lobe surface of the 
piston was eccentrically offset 4mm and arranged so 
that its axis was substantially parallel to the axis of the 
strut. The so constructed airspring. when measured em- 
pirically, exhibited a side load force of 750 Newtons (1 70 
lbs) when the airsleeve was pressurized to 480kpa 
(70psi). The airspring demonstrated a flexural life great- 
er than 500.000 cycles. 

The foregoing detail description is used for purpose 
of illustration only and is not intended to limit the scope 
of the invention which Is to be determined from the ap- 
pended claims. 



Claims 

1. Atelescopic suspension strut (1 0) with a fixed mem- 
ber (12) and a reciprocating member (1 6) and of the 
type for providing a side load compensating force, 
the strut with a flexible sleeve (20) having (1) a 
chamber portion (A-B, A'-B') connected at an end 
(40) to a closure member (14) that is attached to the 
fixed member (12) and (2) a rolling lobe portion (B- 
C, B'-C) connected at an end (44) to an eccentri- 
cally offset piston (18) that is attached to the recip- 
rocating member (16). the sleeve (20) of the elas- 
tomerlc type reinforced with embedded textile cords 
and having a length that forms the chamber portion 
(A-B, A'-B') that Is greater than a length that forms 
the rolling lobe portion (B-C. B'-C), wherein the im- 
provement comprises: 

the chamber portion (A-B, A'-B') connected to 
a closure member (14) that is tilted at an angle 
(48) in relation to a longitudinal axis (32) of the 
strut; 

the rolling lobe portbn (B-C, B'-C) connected 
to a piston (1 8) that is transversely moved from 
a free position (30) and in a direction toward the 
longitudinal axis (32) of the strut which (1) in- 
duces a shear force (FT) into the flexible sleeve 
and (2) distorts the chamber portion by increas- 
ing a surface area (54) on an upward tilted side 
of the chamber portion (A-B) and decreasing a 
surface area on a diametrically opposed, down- 
ward tilted side of the chamber portion (A'-B') 
resulting in a differential surface area; 

the piston (18) having a rolling lobe surface (52) 
eccentrically offset in a direction generally fac- 
ing the side of the chamber portion of increased 
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surface area, the rolling lobe surface offset an 
amount (62) that tends to equalize an axial 
length (C-D, C*-D') of the rolling lobe portion (B- 
C. B'-C) around the rolling lobe surface (52) of 
the piston; and 

wherein, reaction to the tilled closure nnember 
(14) , differential surface area and shear force 
(FT) results in a side load compensation impart- 
ed to the strut (10). 

2. The suspension strut as claimed in Claim 1 wherein 
the closure member (14) Is tilted at an angle (48) 
from about 3 to 20 degrees. 

3. The suspension strut as claimed in Claim 1 wherein 
the surface area of the upward tilted side of the 
chamber portion (A-B) is from about 1 to 15 percent 
greater than the surface area of the downward tilted 
side of the chamber portion (A'-B'). 

4. The suspension strut as claimed in Claim 1 wherein 
the rolling lobe surface (52) of the piston (18) is ec- 
centrically offset (62) from about 1 to 10mm. 

5. The suspension strut as claimed in Claim 1 wherein 
the end (44) that connects the rolling lobe portion 
to the piston (18) is cut in a plane substantially per- 
pendicular to a bngitudinal axis of the sleeve. 

6. The suspension strut as claimed in Claim 1 wherein 
the end (40) that connects the chamber portion (A- 
B, A'-B')tothectosure member (14) is cut in a plane 
substantially perpendicular to a longitudinal axis 
(50) of the sleeve. 

7. The suspension strut as claimed in Claim 1 where 
a maximum inside diameter of the chamber portion 
(A-B, A'-B') is at least from about 1.1 to 1.5 times a 
maximum Inside diameter of the rolling lobe portion 
(B-C, B'-C). 

8. The suspension strut as claimed in Claim 1 wherein 
a longitudinal axis (60) of the piston (18) is substan- 
tially parallel to the longitudinal axis (32) of the strut. 

9. The suspension strut as claimed in Claim 1 wherein 
the axis (60) of the piston is rotated about a trans- 
verse axis (P) an opposite angle substantially equal 
in degrees to the tilted angle (48) of the closure 
member. 

10. The suspension strut as claimed in Claim 1 wherein 
the end (44) of the rolling lobe portion is connected 
to the piston with a ring (46) that is substantially con- 
centric with the longitudinal axis (32) of the strut. 

11. A method of providing a side load force between a 



fixed member (12) and reciprocating member (16) 
with an airspring of the type with a flexible sleeve 
(20) having (1) a chamber portion (A-B, A'-B') con- 
nected at an end (40) to a closure member (14) at- 
s tached to the fixed member (12) and (2) a rolling 
lobe portion (B-C, B'-C) connected at an end (44) 
to an eccentrically offset piston (18) that is attached 
to the reciprocating member (16), wherein the im- 
provement comprises the steps of: 

10 

tilting the closure member that is connected to 
the chamber portion to an angle (48); 

transversely moving from a free position (30), 
IS a piston (1 8) that is connected to the rolling lobe 

portion (B-C, B'-C) while simultaneously dis- 
y. torting the chamber portion (A-B. A'-B'); 

eccentrically offsetting the piston (18) and at- 
20 tached rolling lobe portion (B-C, B'-C) while 

tending to equalize an axial length (C-D, C'-D') 
of the rolling lobe portion (B-C, B'-C) around a 
rolling lobe surface (52) of the piston (18); and 

25 imparting a side load force between the fixed 

member (1 2) and reciprocating member (1 6) by 
tilting the closure member, distorting the cham- 
ber portion and eccentrically offsetting the pis- 
ton. 

sa 

12. The method as claimed in Claim 11 including the 
step of titling of the closure member (1 4) at an angle 
from about 2 to 20 degrees. 

35 13. The method as claimed in Claim 11 including the 
step of eccentrically offsetting (62) the rolling lobe 
surface (52) of the piston (18) from about 1 to 10 

mm. 

40 14. The method as claimed in Claim 11 including the 
steps of forming the chamber portion (A-B, A*-B') to 
have a maximum inside diameter and forming the 
rolling lobe portion (B-C, B'-C) to have a maximum 
inside diameter such that said diameter of the 

45 Chamber portion is from about 1 . 1 to 1 .5 times said 
maximum diameter of the rolling lobe portion. 

15. The method as claimed in Claim 11 including the 
step of rotating the piston (18) about a transverse 

so axis (P) an angle substantially opposite and equal 
in degrees to the angle that the closure member 
(14) is tilted. 

16. A vehicle suspension with an airspring attached bo- 
ss tween a fixed member (12) reciprocating member 

(16), airspring with a flexible sleeve (20) having (1 ) 
a chamber portion (A-B, A'-B') connected at an end 
(40) to a closure member (14) that is attached to the 
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fixed member (12) and (2) a rolling lobe portion (B- 
C. B'-C) connected at an end (44) to an eccentri- 
cally offset piston (18) that is attached to the recip- 
rocating member (16). the sleeve (20) of the elas- 
tonnerlc type reinforced with embedded textile 
cords, wherein the improvement comprises: 

the chamber portion (A-B. A'-B') connected to 
a closure member (14) that is tilted at an anqle 
(48); 
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the rolling lobe portion (B-C, B'-C) connected 
to^a piston (1 8) that is transversely moved from 
a free position 30 which distorts the chamber 
portion (A-B, A'-B'); 75 

the piston (18) having a rolling lobe surface (52) 
eccentrically offset an amount (62) that tends 
to equalize an axial length (C-D, C'-D') of the 
rolling lobe portion (B-C. B'-C) around the roll- 20 
ing lobe surface (52) of the piston; and 

wherein, reaction to the tilted closure member '" 
(14), distorted chamber portion and trans- 
versely moved piston, results in a side load 2s 
force. 

17. The vehicle suspension as claimed in Claim 16 
wherein the closure member (14) is tilted at an an- 
gle (48) from about 3 to 20 degrees. 30 

18. The vehicle suspension as claimed in Claim 16 
wherein the roiling lobe surface (52) of the piston is 
eccentrically offset (62) from about 1 to 10mm. 



35 



19. The vehicle suspension as claimed in Claim 16 
where a maximum inside diameter of the chamber 
portion (A-B, A'B') is at least from about 1.1 to 1.5 
times a maximum inside diameter of the rolling lobe 
portion (B-C, B'-C'). 40 

20. The vehicle suspension as claimed in Claim 16 
wherein the piston (1 8) is rotated about a transverse 
axis (P) an opposite angle substantially equal In de- 
grees to the tilted angle (48) of the closure member 4s 
(14). 
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(54) Side load compensating airspring for a vehicle suspension and method 



(57) A telescopic strut (10) for a vehicle suspension 
of the airspring type with a flexible sleeve (20) forming 
a chamber portion (A-B, A'-B') and a rolling lobe portion 
(B-C.B'-C). The chamber portion is attached to a tilted 
closure (14) and the rolling lobe portion of the airsleeve 
is attached to a piston (18) that is transversely moved 
which introduces a shear force (FT) into the airsleeve 
and increases a surface area on an upward tilted side 
of the sleeve so as to provide side load compensation 
and where the axial length of the rolling lobe is substan- 
tially equalized to enhanced flexural life. 

A method of imparting a side load force with an air- 
spring fastened between a fixed member (12) and re- 
ciprocating member (1 6) of a vehicle suspension, is pro- 
vided by tilling a closure member (14) of the airspring, 
transversely moving a piston (1 8) connected to a rolling 
lobe portion of the airspring while distorting a chamber 
portion of the airspring, and eccentrically offsetting the 
piston in a manner that tends to equalize an axial length 
of a rolling lobe. 
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